I. INTRODUCTION
The naturalness problem of the electroweak scale (EW) and the Higgs boson mass has been the most important issue for last four decades in theoretical particle physics community. It has provided a strong motivation to study various theories beyond the standard model (SM). Particularly, the minimal supersymmetric SM (MSSM) has been regarded as the most promising candidate among new physics models beyond the SM. However, any evidence of new physics beyond the SM including supersymmetry (SUSY) has not been observed yet at the large hadron collider (LHC), and experimental bounds on SUSY particles are increasing gradually. Nonetheless, a better new idea that can replace the present status of SUSY doesn't seem to appear yet. Accordingly, it would be worth while to explore a breakthrough within the SUSY framework.
Concerning the radiative Higgs mass and EW symmetry breaking, the top quark Yukawa coupling of order unity (y t ) plays the key role in the MSSM: through the sizable top quark Yukawa coupling, the top quark and stop make a dominant contribution to the renormalization of the soft mass parameter of the Higgs (m fine-tuning of 10 −3 -10 −4 doesn't seem to be avoidable in the MSSM, unless the messenger scale Λ is low enough. Due to the reason, a relatively smaller stop mass (≪ 1 TeV) has been assumed for naturalness of the EW scale, and various extensions of the Higgs sector have been proposed for explaining the observed 126 GeV Higgs mass [4] . Unfortunately, however, the stop mass bound has already reached 700 GeV [5] , which starts threatening the traditional status of SUSY as a solution to the naturalness problem of the EW phase transition.
In fact, the renormalization of m 2 hu , Eq. (2) is necessarily affected by ultraviolet (UV) physics. For a more complete expression of it, thus, the full renormalization group (RG) equations should be studied for a given UV model, even though Eq. (2) would not be much sensitive to a UV physics in SUSY models. Unlike the expectation based on low energy physics, however, it was claimed that the Z boson and Higgs masses at low energy is quite insensitive to the stop mass in the "focus point (FP) scenario" [6, 7] : under the simple initial condition for the stops and Higgs squared masses, m 
Here t parametrizes the renormalization scale Q, t − t 0 = log
. t W and t 0 correspond to the EW and GUT scale M G (≈ 2×10
16 GeV), respectively. Actually, Eq. (4) is an accidental relation in some sense. Just the quarks and leptons' masses, the low energy values of the SM gauge couplings, and the MSSM field contents completely determine y t (t), and the Z boson mass scale and the gauge coupling unification scales provide exactly the needed energy interval. In the sense that Eq. (4) is not artificially designed, but Nature might permit it, we will call it "Natural tuning." Of course, there might exist a deep reason for it. In this paper, however, we will not attempt to explain the origin, but take a rather pragmatic attitude: we will just accept, utilize, and improve it. However, the recently observed 126 GeV Higss mass is challenging also in the FP scenario. Since the FP scenario works with the minimal field contents, the Higgs mass can be raised only through the radiative correction by the quite heavy stop, m t ∼ 5 TeV [2] . To get a heavier stop mass, we need a larger m hu 's RG solution should be much closer to zero. Moreover, m 2 hu doesn't follow the original FP scenario below the stop mass scale, because the stops are decoupled there. For a predictive EW scale, thus, the FP should appear around the stop mass scale rather than the conventional EW or Z boson mass scale. The present heavy gluino mass bound at the LHC, M 3 1.4 TeV [8] also spoils the success of the FP scenario [9] [10] [11] The heavy gluino leads to a too large negative m 2 hu at the EW scale through RG evolution. Such an RG effect by a heavy gluino mass should be compensated properly for a small enough Z boson mass.
In this paper, we will attempt just to trim the FP scenario such that the FP is made located around the stop mass scale and the heavy gluino effect becomes mild. In order to accomplish that goal, we will consider a superheavy right-handed (RH) neutrino [12, 13] , and the two-loop gauge interactions by the hierarchically heavier first and second generations of chiral superpartners (sfermions) [14, 15] . Hierarchically heavy masses for the first two generations of sfermions ( 15 TeV) could also sufficiently suppress unwanted SUSY flavor and SUSY CP violating processes as in the "effective SUSY model" [16] . Once the location of the FP is successfully modified to a desirable position, even quite heavy stop mass could still be naturally compatible with the Z boson mass scale, and the 126 GeV Higgs mass can be supported dominantly by the radiative correction from such a heavy stop. This paper is organized as follows: we will review the FP scenario and discuss the problems associated with the recent experimental results in section II. In section III, we will explore the ways to move the location of the FP into a desirable position in the space of (Q, m 2 hu (Q)). Section IV will be a conclusion. For convenience of our discussion in the main text, we will leave the details of the full RG equations and derivation of some semi-analytic solutions to them in Appendix.
II. FOCUS POINT SCENARIO
Based on our semi-analytic solutions to the RG equations, let us discuss first the RG behaviors of soft parameters associated with the Higgs and the third generation of sfermions. When tan β is small enough, the top quark Yukawa coupling, y t dominantly drive the RG running of {m 
where "· · · " doesn't contain m (1, 1 + x − 3y, 1 − x, 9y) at the GUT scale, where x, y are arbitrary numbers [17] . However, such a relation looks hard to realize in a supergravity (SUGRA) model. For simplicity, we will assume in this paper that |x|, |y| ≪ 1, namely, A 0 is quite suppressed compared to m ). Actually, this is possible e.g. in the gauge mediated SUSY breaking scenario with a GUT scale messenger. To get a universal soft squared mass in the gauge mediation, the SM gauge group should be embedded in a simple group at the GUT scale. However, the effect by non-vanishing A 0 on m 2 hu can be compensated by another ingredient introduced later. Hence, the gravity mediated SUSY breaking scenario with the universal soft squared mass and A 0 = 0 can also be consistent with the FP scenario.
Unlike the naive expectation, the low energy value of m ("Natural tuning"). The first condition is associated with a model-building problem. Actually, it can easily be realized in a large class of simple SUGRA models. However, the second condition would be a kind of fine-tuning condition, because the top quark Yukawa coupling y t (t) and the interval of the energy scales between the EW and the GUT scales should specially be related. But it is not artificially designed. As mentioned in Introduction, we will simply accept such a Natural tuning phenomenon.
However, the recent experimental results at the LHC seem to spoil the nice picture of the original FP scenario. Most of all, the gauge contributions in Eqs. (9)-(12) cannot be ignored any longer, since the mass bound for the gluino has been increased, M 3 1.4 TeV [8]. As a result, the unified gaugino mass m 1/2 should be heavier than at least 550 GeV. Since a large m . Alternatively, one can try to extend the MSSM for raising the Higgs mass. However, many extensions of the MSSM Higgs sector end up with ruin of the FP scenario, as will be commented later.
Since the stops are decoupled around 5 TeV (t ≡ t T ), m 2 hu follows the RG running of the SM below t ≈ t T . Hence, the FP mechanism based on the SUSY RG equations would not work well any more. The heavy fields' correction to the RG solution can be estimated using the formula on the Coleman-Weinberg's effective potential [18] . In fact, RG solution is a result of one-loop effects by massless fields, while the Coleman-Weinberg's one-loop effective potential is dominated by the heavy fields. The signs of the both loop effects are opposite. Thus, the low energy value of m 2 hu below the stop decoupling scale is roughly estimated as [19] :
where m t ( m t ) denotes the top quark (stop) mass, and the cut-off
scale where the stops are decoupled, and so m
for simple estimation. Note that
hu at the EW scale to be smaller than (1 TeV) 2 . Since t = t T is more or less far from t W , however, the coefficient of m , thus, the FP should somehow appear around the stop decoupling scale [10, 11] . That is to say, the coefficient of m 2 0 should be much closer to zero around the stop mass scale, as mentioned in Introduction. ) show that the FP is located at a slightly higher (lower) energy scale for a small (large) tan β. Table I lists the values of {m (1 TeV) 2 .
Since the heavy gluino makes a large negative contribution to m 2 hu (t T ), we need some other ingredients to overcome the heavy gluino effect. Below t = t T , m 2 hu further decreases by ∼ (975 GeV) 2 down to t = t W , as discussed in Eq. (24).
We will discuss how to move the FP to such desirable positions in the next section. We intend to argue that the Higgs mass happens to be 126 GeV by 5 TeV stop mass, after m 2 hu at t = t T is made insensitive to m 2 0 . It would be a way to trim the original idea of the Natural tuning.
III. PRECISE FOCUSING
As tan β increases, the size of the top quark Yukawa coupling decreases. As a consequence, the factor [e Fig. 1-(a) and (b) confirm such a behavior of the FP. Since we intend to move the FP in the higher energy direction, a large tan β is disfavored.
A much larger top quark Yukawa coupling y t (t) at higher energy scales can move the FP to a new location at a higher energy scale. Actually, y t (t) can be easily raised at higher energy scales e.g. by introducing a new Yukawa coupling of the Higgs. For instance, let us consider a coupling between h u and a new singlet S in the next-to-MSSM (NMSSM):
In this case, the RG equations of y t and λ are given by
for small tan β. Due to the additional positive contribution by λ 2 to the RG equation of y t , y 2 t becomes larger than that in the absence of λ. Moreover, the λ coupling introduces a positive contribution also to the RG equation for m 2 hu :
where
. It turns out, however, that the FP's location is too sensitive to λ. According to our analysis, λ should be smaller than at least 0.1. Otherwise, the FP moves too far away in the high energy direction. For example, λ = 0.6 and tan β = 3 moves the location of FP to 10 13 GeV energy scale. Hence, the parameter window satisfying the 126 GeV Higgs mass and the Landau pole constraint in the NMSSM, 0.6 λ 0.7 and 1 < tan β 3 [21] cannot be compatible with the FP scenario. As seen in this example, extensions of the MSSM Higgs sector with a new sizable Yukawa coupling e.g. for raising the Higgs mass could result in ruin of the FP scenario. Such a λ coupling effect on y t can be reduced just by assuming that S is superheavy and so decoupled at a very high energy scale.
One well-motivated superheavy particle is the RH neutrino (N c ), which is introduced to explain the smallness of the active neutrino mass through the seesaw mechanism [22] by the superpotential,
where l 3 is a lepton doublet in the MSSM. We assume that the hu between Q = M G and Q = M N is described by
where the y 32) is larger than that evaluated at Q = M N in the absence of the RH neutrino. As a result, exp[
huI /X I ) vanishes at a t larger than t W . It implies that a FP must still exist and appear at a scale higher than t W . Therefore, we can move the FP to around t = t T using a sizable y N . We will discuss it again later.
Toward the desirable FP location, we need to somehow lift up the FP in the (t, m (14) and (15), which eventually give a negative F (t T ) as seen in Eq. (16) . A too large negative m [11] . However, the idea of Natural tuning is lost in this mechanism. In this paper, we propose to consider the two-loop gauge effects by the first and second generations of hierarchically heavier sfermions, maintaining the gaugino mass unification. For simplicity, we suppose a universal heavy mass for them (≡ m 2 ). If m 2 ≫ m 2 1/2 , RG running of m 2 is negligible. Then, the gauge contributions to the RG equations for the soft masses of the Higgs and sfermions are modified as [14, 23] 
where f = h u , u 5)- (7), they all should be modified into g
As a result, the heavy gluino effect can be compensated to be milder by the m 2 terms [15] . If m is much heavier than the gluino, moreover, it can be comparable to it or even dominate over it. Thus, a heavy enough m 2 could raise m 2 hu up even to a positive value at t = t T . Note that m 2 doesn't appear in X 0 in Eq. (9): the heavier sfermions' effects on Eqs. (5)- (8) via the Yukawa interactions are extremely tiny. So m 2 doesn't touch the FP mechanism. Indeed, any Yukawa couplings and tan β are not involved in g
Since the both contributions originate from the gauge interactions, their relation could be more easily realized in a UV model [24] than the relation between m The hierarchical mass pattern between the first/second and the third generations can be realized by employing the two different SUSY breaking mediations, e.g. the gravity or gauge mediation and U(1) ′ mediation. For instance, the first two generations of matter could carry non-zero [but opposite] U(1) ′ charges and they could receive additional U(1) ′ SUSY breaking mediation effects proportional to their charge squareds [25] for their hierarchically heavier masses [15, 26] . Their desired relation could be achieved from the hierarchy between g 0 and the U(1) ′ gauge coupling, and also the messengers' masses with a common SUSY breaking source. In such a setup, a relation between m 2 and m 2 1/2 could also be obtained [24] . A tuning introduced in this process might be under control in a UV theory.
To summarize our discussion so far, in Table II we present the FP's movements for the various variations of parameters. We can move the FP into the desirable positions of Fig. 2 by using e.g. y N and m 2 . Note that m 1/2 and A 0 are U(1) R breaking parameters. Thus, e.g. if U(1) R breaking scale is relatively lower than the SUSY breaking scale, they can be smaller than other soft SUSY breaking parameters, m 2 0 and m 2 as desired. In Ref. [27] , conformal sequestering was considered to suppress them. In "pure gravity mediation," m 1/2 and A 0 are suppressed at the tree-level [28] . Below the seesaw scale, t = t I ≈ 25. neutrino below t = t I , while they are governed by the full RG equations including the RH neutrino between t = t 0 and t = t I . For the analyses in Fig. 3-(a) and (b), we used the full RG equations in Appendix.
In Hence, the above range of y N and m 2 for a desirable FP need to be supported by a UV model. Once M N is fixed by a GUT as explained above, however, the above range of y N I could be regarded as another Natural tuning, since y N can be determined by the active neutrino mass. The tuning issue introduced for the desired m 2 could be converted to a model-building problem [24] . Similarly, Fig. 4 -(a), (b), and Table IV , ∆ µ 2 would become dominant over it [29] . According to the "effective SUSY" (or "more minimal SUSY"), the masses of the first two generations of sfermions are required to be about 5-20 TeV in order to avoid the SUSY flavor and SUSY CP problems, while the third ones and gauginos are lighter than 1 TeV for naturalness of the Higgs. In our case, the third generations of sfermions are heavier than 1 TeV, but the naturalness problem can be addressed depending on the FP scenario. As in the effective SUSY, the hierarchically heavy masses for the first two generations of sfermions (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) can solve the SUSY flavor and SUSY CP problems. In Ref. [14] , it was pointed out that such heavy masses for the first two generations of sfermions drive the stop mass squared too small or even negative at the EW scale via RG evolutions. As seen in Table III and IV, however, such a thing doesn't occur. It is because the gluino mass is quite heavy in our case. Moreover, the initial value of stop's squared masses at the GUT scale, m Since all the sfermions are very heavy in this model, the pair annihilation cross section of the lightest neutralino is quite suppressed, and so it would overcloses the universe. However this problem could be resolved, e.g. if a sufficient amount of entropy is somehow produced after thermal freeze-out of the neutralino [13] . In this paper, we don't discuss this issue in details.
IV. CONCLUSION
According to the recent analysis based on three-loop calculations, the radiative correction by 5 TeV stop masses can support the 126 GeV Higgs mass without a large stop mixing effect. The 5 TeV stop mass decoupling scale is much higher than the FP scale determined in the original FP scenario. As a result, m 2 hu evaluated at low energy becomes sensitive to m 2 0 chosen at the GUT scale, and so to the low energy value of stop mass, unlike the original FP scenario. Moreover, the present high gluino mass bound ( 1.4 TeV) results in a too large negative m 2 hu at low energy, which gives rise to a serious fine-tuning problem in the MSSM Higgs sector.
In this paper, we have studied how the location of the FP changes under various variations of parameters. In particular, we noted that the FP can move to the desirable location under increases of both the Yukawa coupling of a superheavy RH neutrino to the Higgs, and the masses of the first and second generations of sfermions. On the other hand, the "λ" coupling in the NMSSM should be more suppressed than 0.1 to be consistent with the FP scenario, if it is introduced.
We have shown that an order one Yukawa coupling (0.8 − 1.4) of the superheavy RH neutrino (∼ 10 14 GeV) at the seesaw scale can move the FP to the desired stop decoupling scale, and two-loop gauge interactions by the hierarchically heavy masses (15−25 TeV) of the first two generations of sfermions can effectively compensate the heavy gluino effects in the RG evoultion of m 2 hu . Here we set the U(1) R breaking soft parameters, m 1/2 = A 0 = 1 TeV at the GUT scale. The gaugino mass unification is maintained in this setup. Such heavy masses of the RH neutrino and the first two generations of sfermions can provide also a natural explanation of the small active neutrino mass via the seesaw mechanism, and suppress the flavor violating processes in SUSY models. At the new location of the FP, m 
and the RG equations of the "A-term" coefficients corresponding to the Yukawa couplings of Eq. (38) are 8π 2 dA t dt = 6y
